ABSTRACT The effect of whole lung irradiation on lung function was investigated in 48 children treated for Wilm's tumour with pulmonary metastases. Lung function tests were performed before irradiation and were repeated annually for as long as possible, the length of follow-up varying from two to 17 years. A reduction in both lung volume and in dynamic compliance was clearly observed. In some patients these changes occurred in the early post-irradiation months, but in most the decrease observed progressed over longer periods of time. Static pressure volume curves, bloodgases, and carbon monoxide transfer were normal. These findings make it unlikely that postirradiation pulmonary fibrosis was involved. Another explanation for the decreased lung volume and dynamic compliance might be failure of alveolar multiplication. Muscular injury is unlikely as the patients were able to produce normal transthoracic pressures. A failure of chest wall growth is also possible and would explain the progressive restrictive impairment but not the early lung function changes. It is suggested that the early effects detected in some patients were the result of lung injury and that later effects resulted from impaired chest wall growth.
Although the effects of pulmonary irradiation on lung function have been extensively investigated in adults, reports on the effects on respiratory function of whole lung irradiation are relatively few and there have been no reports of detailed, repeated lung function tests after this type of irradiation.
In contrast to adults, young children are in a period of rapid lung and skeletal growth and the effect of pulmonary irradiation might be a failure of alveolar development resulting from impaired cellular proliferation, thus decreasing the number of alveoli. The aim of this study was to detect the shortand long-term pulmonary function changes in young children who received whole lung irradiation at doses which were therapeutically efficient but close to tolerance and we have tried to characterise the physiopathological mechanisms of the changes observed. Actinomycin D which enhances the effects of irradiation, was administered consecutively.1
Methods

Forty-eight children undergoing treatment for
Wilm's tumour associated with pulmonary metastases at the Institut Gustave Roussy between 1960 and 1976 were studied. Clinical and therapeutic characteristics are summarised in table 1. In 39 of these patients, nephrectomy was followed by irradiation of the tumour bed, including the entire width of the spine, the field extending to the hemidiaphragm. All the children received bilateral pulmonary irradiation using 60Co at a dose of 20 Grays/three weeks. Actinomycin D was always given in conjunction.
Twenty-two patients were studied prospectively with initial lung function testing carried out just before pulmonary irradiation and this was denoted test "O". This information was lacking for the other 26 children who were included in the study which began in 1973. All 48 patients were subsequently tested in the same way. Measurements of lung function were repeated in each patient every six months during the first two years after pulmonary irradiation and then annually for as long as possible, 175
Benoist, Lemerle, Jean, Rufin, Scheinmann, Paupe 80 , and so on) was obtained from the PV curves.6 7 A line of best fit was hand drawn through at least three sets of PV data which differed by only ± 1 cm H20. Data were compared to those obtained in 23 control subjects of the same age.2
Blood oxygen tension (Pao2) was measured using arterialised capillary blood collected from the finger tip and was compared with predicted values similarly obtained.2 It was possible to measure Pao2 before and after exercise in 14 co-operative subjects using a bicycle ergometer (Monark). The exercise was performed for six minutes at successive loads of one- third and two-thirds of the maximum predicted for the height of the child.8 Transfer factor for carbon monoxide (TLCO) was measured in 13 subjects by the single breath method.9 Results
CLINICAL
Symptoms of radiation pneumonitis developed acutely two to three weeks after completion of radiation therapy in two of the 48 children and was characterised by non-productive cough, dyspnoea, fever and in one case progression to severe respiratory distress. The symptoms and radiographic features subsided after two months for the latter patient, and after three weeks for the remainder. On clinical examination greatly reduced sagittal and frontal thoracic diameters were observed in nearly all of the cases seen three or four years after radiation therapy (fig 1) . Shortening and deformity of the lower thoracic and lumbar vertebrae within the abdominal treatment field were also observed after this follow-up for three or four years. Spinal curvatures ranging from 10 to 30 degrees were observed in 10 of the 48 subjects but these changes did not influence height, as only two subjects were below two standard deviations and one was even above the mean height for his age. The patients were not disabled and most of them experienced no dyspnoea on moderate exertion.
The chest radiographs showed no pleural or pulmonary abnormalities after the first two years after pulmonary irradiation.
MEASURED LUNG FUNCTION
As it was only possible to study some of the 48 patients over a long period, the data obtained are presented in two different ways.
First, Three chronological phases could be d present study. The first, observed duri post-irradiation months, was chara deteriorating lung function. The second next two years when no further deteri seen. The third phase occurred after the and was characterised by both progi creasing mean values and an increasec patients with abnormal lung volume an 2). These chronological changes may be different pathological processes, the firs early lung disease. Thus at the six-mon nine of the 18 patients tested showed a d (mean 48% of predicted, range 30% tc of them relapsed with severe pulmonax and died some months later with distress symptoms, while two oth increased bronchovascular markings blurring on the chest radiograph and had evidence of interstitial pneumonitis. However no explanation for the deterioration in lung function could be found in the other three subjects. In the remaining nine patients tested at six months, no .0 deterioration in CLdyn was observed (mean CLdyn 95 % of predicted, range 111 to 72%).
One year later, at the 18-month test (fig 5) , the mean CLdyn of the seven surviving subjects had improved (mean CLdyn 67% of predicted). It is likely that the apparent stability of the mean values observed during the second phase was caused by a combination of improved lung function in some subjects, and omission of low values as a result of Alternatively, it is possible that impairment in some subjects was caused primarily by muscular or skeletal injury. Muscular damage to the diaphragm from radiotherapy might occur after the irradiation of the tumour bed but in 17 subjects with similar renal treatment without pulmonary irradiation, no significantly reduced values were observed (table 6) . Intercostal muscle weakness is also a possible consequence of thoracic irradiation. We did not record the maximum static respiratory pressures, recently described by De Troyer17 and requiring good motivation and cooperation from the subjects, but it is unlikely that respiratory muscle strength was decreased in subjects who were able to perform normal Pst. Skeletal radiation damage identical to the vertebral body changes seen after the kidney tumour bed irradiation is also possible.18 19 If thoracic hypoplasia, which increases with the passage of time, is caused by failure of chest-wall growth, this could explain the progressive diminution of lung volume but not the early functional changes.
It is therefore likely that pulmonary irradiation had direct consequences, either on the pulmonary parenchyma or on skeletal growth and that in some of the patients tested, these various mechanisms may be involved in functional pulmonary abnormalities. In some patients the early primary phenomenon was that of lung injury, with deleterious later effects on both lung and skeletal structures, while in other patients a reduction in chest-wall growth might be solely responsible for these changes.
Our results in these patients suggest relatively wellpreserved function despite a whole lung radiation dose which was close to the limit of tolerance. Nevertheless, it must be emphasised that spinal curvature may deteriorate at puberty, causing further impairment in lung function, so that continued follow-up up to and beyond puberty is essential.
